Abstract. The purpose of the article was to exhibit the technology mapping method as one of the methods which may be used in foresight research. Foresight studies was described in the context of technology as well as technology analysis. The main part of the article is the presentation of an original proposal of a technology mapping method enabling to diagnose the current state of technology. The execu tion of the method should allow to maximise the resources of knowledge on specific technologies. A list of technological knowledge base elements which might emerge as a result of the process was also described.
system determines its utility. Therefore, it is substantial that development of each of the enumerated elements be tended to, bearing in mind that only their dynamic interaction will generate a technological value added (Sharif 2012) . Currently, technological innovations are not only the result of a spontaneous and deterministic phenomenon; methods and tools used for their evaluation should account for the achievements of nontechnological disciplines. They should be included especially at the stage of identifying the needs stemming from the application of previous technological solutions (Kaźmierczak 2013) . Decisions on technologi cal development are made in uncertain conditions which require the knowledge of current research trends, intuition, and ability to use academic methods, including predic tive ones. Foresight research may be a support tool in that area. Doing foresight research allows for creating visions of development coupled with an indication on how to reach them. In contrast to predicting, foresight is a process whose aim is to create the future through searching for a common vision which will be achieved by taking action now. The author believes the first phase of research methodology,
Introduction
Technology is not easy to analyze. This fact is caused by difficulty in defining technology unambiguously, high dy namics of technological development, and having to in clude numerous aspects which are under the influence of technology, as well as aspects which influence technology, in technology analysis. In accordance with the systematic approach to technology, the components of a technologi cal system include: technoware (tools and artefacts), hu manware (skills and talents), infoware (specifications and regulations) and orgaware (flows and procedures), as well as cysnetware (virtual environment). In keeping with this approach, it is humanware that is key; it comprises broadely defined skills (not only technical ones, but also creativity and decisionmaking skills) without which tools, machines and resources (components of technoware) are useless. A high skill level does not only allow for the use of the best tools but it also facilitates the acquisition of the most recent knowledge of production (infoware) as well as the utilisation and organization of the entire production pro cess (orgaware). Like in all systems, the weakest link of any which encompasses a diagnosis of the current state, to be especially important among the issues addressed in fore sight research. It is in that first stage that information is delivered to technological development decisionmakers, and validity of the decisions is mostly assesses. That stage, regardless of its subject, supports the creation of a justifiable picture of future changes.
In the light of the above observations, the aim of the arti cle was to exhibit the technology mapping method as one of the methods which may be used in foresight research in the current state analysis stage. The author showed technology mapping as a diagnostic method of the current state of tech nology together with assumptions for the construction of the method. The main part of the article is the presentation of an original proposal of a technology mapping method with a list of technological knowledge base elements which might emerge as a result of the process.
Background research

Foresight and technology
The term foresight is sometimes identified with earlier terms like forecasting, predicting or planning. However, the term emerged due to the fact that those earlier notions did not capture the essence of the research procedure. The main difference between foresight and forecasting lies in the fact that the paramount role of foresight is not fore seeing the future, but understanding it. Moreover, unlike traditional planning, foresight uses systematic methods which cover a substantial period of time and involve the aspect of social participation (Piasecki, Rogut 2011). What distinguishes foresight from other longterm approaches to thinking about the future is the participation of interested stakeholders groups, orientation towards action (foresight is always an attempt at linking observations of change dynamics with current decisionmaking) and openness (the aim of undertaken activities is not indicating a future state beforehand, but its possible development schemes) (Warnke, Heimeriks 2008) . When the substantial goal of foresight research is the development of certain technologi cal solutions which imply development of the research area, then that research assumes a character of technological foresight (Nazarko 2013) .
Technological foresight development reflects changes analogous to those described in the evolution of foresight re search by L. Georghiou (Georghiou 2007) , but also changes in the perception of technologies: from the narrow to the systematic view. Initially, technological foresight initiatives were profiled narrowly towards evaluation of technologi cal and scientific development in order to support deci sions on setting priorities based on technologies. In the following years a wide socioeconomic scope connected with technological development must be encompassed (Warnke, Heimeriks 2008) . Generations of technological foresight have been illustrated by L. Chan i T. Daim (see Fig. 1 ). Currently, technological foresight incorporates sig nificant activities in numerous countries which constitute assistance in directing technological development and in focusing countries' key resources on the key technologies (Chen et al. 2012) .
In the process of searching for analogies between fore sight research and technology, the work by S. Liao (Liao 2005) should be noticed. He makes three basic suggestions about technology management which can be applied to foresight research. The first one indicates that qualitative and quantitative methods of technology management methodology should be integrated, which is analogous to research methodology of foresight that accommodates a combination of qualitative and quantitative methods as well as intermediate ones (Popper 2008; Magruk 2011a) . The second suggestion is that the interdisciplinary char acter of technology management should be noted, so the research scope in technology management methods should be widened. The third suggestion proposes seeing change as a source of development, which also corresponds with the idea of foresight research as systematic analysis of possible variants of the future. S. A. W. Drew suggests that there are five basic functions required for creating technology strat egy, especially in uncertain and difficult market conditions. The first function he enumerates is foresight which is indis pensable to set new development paths for technology and innovation while taking into account the uncertainty. The other functions, although the author does not relate them directly to foresight, seem to refer to it as well (Drew 2006) . A. Magruk also sees a link between technology management and foresight research through the applied methods. He shows that it is becoming more frequent to employ techno logical foresight and his research methods by organizations orientated towards technological development. When ana lyzing the reciprocity, he notes that foresight research uses methods of technological character, mostly those associated with the implementation of the functions of technology identification and selection (Magruk 2011b ).
Foresight and technology analysis
There may be found numerous classifications in literature which organize the methods used in foresight research. One of the classifications is systemic foresight methodology (SFM) which sections the methods in terms of their po tential of application in the phases of the foresight process (Smith, Saritas 2011) :
-systemic understanding -the first phase of the fore sight process; it provides entry data for the entire process; -systems synthesis and modeling -the collected data are synthesized into conceptual models which form possible variants of the future; -systemic analysis and selection -systematic analysis is conducted of possible variants of the future and the most desired variant is chosen; -systemic transformation -analysis of relations be tween the future and the present aimed at planning changes and making strategic decisions on activities which must be undertaken; -systemic action, creating an outline of informing the decisionmakers of today about the structural and behavioral changes which must be made, so that the desired variant of the future would materialize. The first phase, which encompasses the diagnosis of the current state, is especially worth noting. It provides entry data for the entire research, which in the author's opinion causes the fact that this stage mostly conditions the validity of the foresight process. This phase should commence with operations aiming at preparing the most complete portrayal of the situation, it being the understanding of the system and its surroundings (Smith, Saritas 2011) . When a set of technologies is being analyzed, a diagnosis of their current state must be conducted. What determines the current state of technology? What knowledge sources should the diag nosis be based on and how? In the context of technology analysis, the trend of patent analysis is covered extensively in literature. Patent analysis is believed to provide unique knowledge of the advancement of work on a technology and is treated as a basis for determining the presence of mutual influence of technologies (e.g. Choi et al. 2007; Abercrombie et al. 2012) . Also, publication analysis in the form of mea suring academic publications on a given subject, provide knowledge of coming trends and on technological areas in which emphasis on development is the most intense (e.g. van Eck et al. 2010) . It should be noted that the maximum potential of data organization and bibliometrics can be achieved only when they are combined with expert analysis of chosen parts of collected knowledge base (de Miranda Santo et al. 2006) . Therefore, it is important that experts, both theoretical and practical, be involved in technology analysis.
Records of data on academic production or patents linked to a technology can be treated as the basis for tech nology diagnosis in the context of foresight research, to gether with general knowledge of a technology, aspects like essential financial inputs, benefits and barriers of develop ment. What may confirm this observation is the conclusion drawn by V. Coates et al. who , referencing an analysis of six case studies, claim that innovations linked to technolo gies are not developed by organizations on their own and that technologies initiated in a company often develop in another (Coates et al. 2001) . That observation also indicates the importance of organizations which deal with techno logical development and the significance of cooperation networks among them whose density might influence the rate of development of a technological solution. Therefore, the next important aspect of technology analysis is identi fying both academic and research centers being the source of innovation, as well as producers expanding the innova tion and moving it into the diffusion stage. Another issue worth noting in the process of determining the essence of technology analysis is the possibility of coexistence of dif ferent technological solutions. Technologies evolve and an emergence of a new solution might cause another one to die out (Adomavicius et al. 2008) . In the author's opinion, collecting and organizing data on technologies which are thought of as development directions of a region, a coun try, an industry or a company during foresight research should, where legitimate, be completed with visualization of collected data. Using visualization definitely improves data analysis possibilities and allows for presentation of new knowledge while basing on the previously collected knowl edge (Davies 2011) . In literature it is sometimes indicated that technology analysis can be conducted with the use of two approaches. The first approach requires bibliometrics analyses conducted through, for instance, citation index or patent index analyses; the second approach involves fo cusing on analysis of data clusters from knowledge base about technologies. It is crucial that those two approaches be treated not as competitive approaches, but as comple mentary ones (Lee, Song 2007) .
Another noteworthy analysis method of state of tech nology is identification of technology readiness level (TRL). The TRL scale, used by the American army as cate gorization of technology development, has been developed by NASA. Initially, it was a scale from 1 to 7; since 1995 it has been a scale from 1 to 9. Creating the TRL scale was related to identification of technological immaturity as the cause of unforeseen development costs and delays in technology planning schedules. Those were supposed to be corrected thanks to the use of a cohesive system of technological ma turity evaluation. The TRL scale is the basis of evaluation of risk and of the chance for successful passing a technology to the final user, which determines the value of prospective investment in the technology. On the 1 to 9 scale, 1 means the lowest level of technology maturity/readiness, and 9 means a mature technology. The described index is espe cially useful when a number of technologies are being dealt with, and it is key to understand that an improvement in a technology is possible, but whether the technology will be ready to use is uncertain. The TRL index allows for evalua tion of the maturity stage of a technology and comparison of that technology and other ones (Graettinger et al. 2002; McGarvey et al. 2009; Mankins 1995; Gao et al. 2013) .
When numerous definitions and approaches to foresight research are analyzed, a conclusion can be drawn that the goal of foresight is to connect current decisions and ac tivities to a strategic perspective, where the requirement of the initiating stage is constituted by looking at what is happening now. It should be remembered that in order to estimate the direction of future development of a technology and make a decision on prospective investment, indicating the life cycle stage of the technology is crucial (Gao et al. 2013) . Keeping in mind the broad context of approaches to technology analysis which covers many issues in addition to technical feasibility and economic aspects, the statement can be broadened by indicating that it is essential to determine the current state of technology development and elements related to that technology, in order to establish technological development trends. In the light of this, "evolution" of tech nological foresight in futureoriented technology analysis is worth noting (Cagnin et al. 2008) . In the author's opinion, that change of foresight research direction from grounded firmly in analysis of the future to analysis still orientated to wards the future, but focused on technology and to a greater extent based on observation of the current state, emphasizes the essence of the diagnostic activities. One of the methods in the scope of these activities is the technology mapping method whose application should enhance the process of technology identification and allow for the acquisition of the greatest possible knowledge about technologies, used in the technology selection process.
Technology mapping
Assumptions and methodology proposal
The preparations of the technology mapping method methodology were preceded by studying literature on understanding and applying methods of diagnosing a current state of technology in chosen research initiatives, mainly of foresight research nature. In many diagnosed works special attention was paid to issues like usability of bibliometrics analyses, particularly patent analyses, and the essence of referring to expert knowledge. Frequently, the works whose aim was to establish the starting point of technology development analysis were based on de termining its current level of development according to an adopted scale. Also, what was accentuated was the need to pay attention to the environment connected with the technology, especially research and industrial centers related to the development and creation of the technology, as well as the aspect of current and potential cooperation of such centers. Another important issue was the need for broad knowledge to be delivered by analy ses of technologies, so that the recipients of could select the importance of the received information themselves as well as interpret it. It also seems vital that the term "mapping" (not necessarily in the context of technol ogy) was used to refer to monitoring ongoing activities, compiling knowledge and prospective classification of the research subject; mapping was often supported by tools of visual data presentation in order to facilitate the recipient's understanding of extensive results. The results of the literature studies have been shown in publications (see Gudanowska 2013 Gudanowska , 2014 .
There are numerous research methods used for activi ties related to technology identification. Those methods capture the subject matter of technologies from different angles. Therefore, it has been decided that the technology mapping methodology should be a comprehensive one, covering various aspects of technologies and their envi ronment. It has been assumed that conducting all research tasks in the scope of the method should not require supple menting the knowledge on the current state of technology. It should allow for executing a chosen group of research tasks adjusted to the recipient's needs.
The proceedings adopted for the method should allow recipients to conduct a qualitative analysis of a technology and to examine analogies among technologies. According to A. T. Roper et al., those analyses are as important as the structured approach to collecting information about the technology, supporting technologies, and technologies which compete during the creation of a justified image of current technologies and their future (Roper et al. 2011) . Processing the data collected during method application and their interpretation must depend on the recipients' needs. However, in the course of the method it must be possible to conduct analytic work which expands the gathered knowledge and makes its interpretation easier, so that the method does not come down to a review and record of data on technologies. It has been assumed that the technology mapping methodology should adopt a sim plistic form of a clear, repeatable algorithm of research conduct. It is imposed by the necessity of updating maps, which is emphasized because of the usability of the results of the updates. Awareness is significant of the fact that links displayed on the maps are not stable and are subject to constant and often dynamic changes.
The author's technology mapping methodology has been presented in Figure 2 .
The methodology consists of an array of research tasks conducted in four phases. Some of the tasks should be per formed in a sequence; others in the scope of a phase might be conducted simultaneously. In Figure 2 the qualitative as well as the quantitative approaches have been recom mended. The author believes that there is a need for an analysis of aspects (those which may be described quanti tatively) of current technology evaluation. She is also of the opinion that aspects should be analyzed that emerge from intuition, knowledge and skills of people who develop given technologies. The essence of contemporary technol ogy indicates that technology mustn't be perceived solely through machines or technical knowledge; what must be included as well are skills and experiences of experts who develop technologies. Those skills and experiences are of ten difficult or impossible to measure and present quan titatively. Moreover, patents and publications represent "products" of technology development while what is more important during determining development possibilities are ideas and notions which can be found mainly in the expert knowledge. The technology mapping method, when performed comprehensively, should encompass elements of the two approaches. Focusing on one of them is also possible and should be deemed correct method applica tion. What it requires is only a suitable annotation for the recipients of the method's effects; the annotation will enable them to make adequate conclusions). 
Knowledge base of technologies
A description of elements of a knowledge base which con stitute the results of technology mapping are presented in Table 1 along with an indication of a proposed form and function (determined by reasoning possibilities) of the elements.
Other visualizations or presentations resulting from a particular character of a technology might constitute a possible complement of the enumerated elements, which may be called standard implementation effects, of a base of knowledge. If observations of academic research and technology development, not only in foresight research, is conducted methodically, it becomes useful to different innovation sys tem recipient groups. The most significant groups, quoting K. Klincewicz, are: sciencerelated government bodies, na tional academicresearch centers, nonacademic government institutions (patent offices, statistical offices, ministries), universities, research units and institutes, and technological companies. Recipients' needs in the area of technology devel opment analysis are vast and sometimes unconscious, which may often stem from the lack of knowledge about available sources and methods (Klincewicz et al. 2012) .
The author suggests that technology analysis in fore sight research should be based on conducting technology mapping in accordance with the methodology proposed in this article. The methodology is an ordered procedure of academic conduct whose use allows for collecting the widest possible knowledge about a chosen group of tech nologies. It should be remembered that its application in specific foresight research may require the use of the entire methodology. Another option is choosing only a part of the tasks to perform, depending on preferences and recipients' needs. If available data do not undermine the validity of their employment, a full application is recommended. Data acquired for mapping should constitute a large collection of expert knowledge and/or quantitative data, as well as apply to the context of the area of the foresight research (the coun try, region, industry or company). The results of technology mapping can form the basis for the choice of technologies crucial for a given area, or supply initial knowledge to people planning to develop in that area.
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